11. Conduit, P.T., Richens, J.H., Wainman, A., Holder, J., Vicente, C.C., Pratt, M.B., Dix, C.I., Novak, Z.A., Dobbie, I.M., Schermelleh, L., et al. (2014) . A molecular mechanism of mitotic centrosome assembly in Drosophila. eLife 3, e03399.
12. Woodruff, J.B., Wueseke, O., Viscardi, V., Mahamid, J., Ochoa, S.D., Bunkenborg, J., Widlund, P.O., Pozniakovsky, A., Zanin, E., Bahmanyar, S., et al. (2015) . Centrosomes. Figure 1 ) [2] . Until now, only two of these three hygrosensory neuron types had been found in Drosophila melanogaster [1, 3] . Two groups have independently identified the missing moist airresponsive neuron [4, 5] . One study, by Frank and colleagues [5] in a recent issue of Current Biology, finds evidence for the integration of temperature and humidity cues by relay interneurons from the antennal lobe to higher brain centres.
What is the neural basis of hygrosensation, the ability to discriminate between relative humidity levels? Dedicated hygroreceptors have not been found in endotherms, but early studies of the antennae of diverse insects, including honeybee, locusts, cockroaches, and stick insects, have revealed a protected, poreless sensillum that contains three sensory neurons responsive to cooling, moist, and dry air, respectively [2] . Evaporative cooling is inversely correlated with humidity levels, so all three neurons would convey hygrosensory information. These primary sensory neurons project to specific glomeruli in the posterior antennal lobe, in cockroaches and honeybees, suggesting a conserved functional organisation ( Figure 1 ) [6, 7] . Dipterans, such as the fruit fly and the mosquito, have evolved additional hot and cold thermoreceptors located on specialised antennal structures called 'aristae' [8] , which until recently have received considerably more attention [9] [10] [11] . However, flies also possess poreless sensilla which line the inner walls of chambers I and II of the sacculus, a three-chambered invagination of the third antennal segment ( Figure 1 ). Coeloconic sensilla in chamber II (and a few basiconic sensilla in chamber I) each contain three neurons, one of which is thermosensory and the other two hygrosensory, based on dendritic morphology as well as electrophysiological studies [12] .
Recent studies of this hygroreceptive triad in D. melanogaster have yielded significant insights into the organisation of the antennal lobe as well as the molecular basis of hygrosensation. Initial genetic screens for hygroreceptor molecules yielded two transient receptor potential (TRP) channels, water witch and nanchung, that appeared to be required for avoidance of high humidity and for antennal responses to moist and dry air [13] . However, these channels were neither localised to the same sensillum nor expressed in the sacculus, making them unlikely candidate receptors for neurons of the hygrosensory triad. Following the discovery of the ionotropic receptor (IR) subfamily of ionotropic glutamate receptors as putative chemoreceptors [14] , several members of this family were implicated in thermosensation and hygrosensation. IR25a, an ancient and broadly expressed common co-receptor for other IRs [15] , is expressed in sensory neurons that project to multiple glomeruli in the antennal lobe [1, 16] and is required for both humidity and temperature preferences [1, 3] . Two other IRs are also expressed in the sacculus: IR93a, which is also highly conserved among arthropods and may serve as a co-receptor, and IR40a, which may be an insect innovation [17] . Both IRs were found to innervate glomeruli VP1 (the ''column'') and VP4 (the ''arm'') in the posterior antennal lobe [1, 3] . In particular, IR40a-expressing neurons targeting the column respond to cooling, while those targeting the arm are activated by dry air and inhibited by moist air [1] . Moreover, cold-responsive aristal neurons express IR21a and target glomerulus VP3 [1, 10, 16] . However, heat-responsive aristal neurons targeting glomerulus VP2 instead express a gustatory receptor, GR28a [9, 18] .
The discovery that IR40a was expressed in two of the neurons found in the putative hygroreceptor triad intensified interest in the missing moist air-responsive neuron and its receptors. Given that the other hygrosensory IRs were known to be highly conserved across insect orders [17] , two research groups focused on other similarly conserved but previously All insects appear to possess hygrosensory poreless sensilla, generally located in a protected part of the antenna (e.g., in the sacculus of the third antennal segment in D. melanogaster). The conserved hygrosensory triad is composed of one cooling, one dry-and one moist-air sensory neuron, each of which projects to one or more specific glomeruli in the posterior antennal lobe (dashed circle) in the brain. In D. melanogaster, two additional glomeruli receive the projections of the hot and cold thermosensory neurons. The hygro-and thermoreceptors of each of these sensory neurons are indicated. In both species, projection neurons receive input in specific glomeruli and project to higher brain centers such as the lateral horn and mushroom body. However, while in the cockroach projection neurons have only been found to integrate hygrosensory information (moist-and dry-air glomeruli) [6] , those in D. melanogaster integrate information from both thermo-and hygrosensory glomeruli (hot, cold, and dry air) and additionally project to the posterior lateral protocerebrum (PLP) [5] . uncharacterised ionotropic receptors. In the two new studies, both groups report that IR68a is the receptor in the remaining hygrosensory neuron that responds to moist air [4, 5] . IR68a and IR93a, but not IR40a, are co-expressed in this neuron and required for activation by moist air and inhibition by dry air [4, 5] . It is not yet clear whether IR25a is also expressed in these neurons, as conflicting results have been reported from different Ir68a-GAL4 driver lines [4, 5] . Nevertheless, both Ir68a and Ir40a single mutants show reduced avoidance of high humidity, while Ir68a; Ir40a double mutants completely lack humidity preference [4] . This supports a model in which humidity sensation depends on two neuron classes, which respond to different features of the environment: information is received by the dry-(IR40a + ) and moist-(IR68a + ) responsive neurons independently, and then integrated to influence behaviour.
The axons of the IR68a + neurons target a previously uncharacterised bean-shaped glomerulus in the posterior antennal lobe, now named VP5 [4, 5] . Frank et al. [5] go on to characterise projection neurons that relay humidity information from the posterior antennal lobe to higher brain centres. They find one to two hygrosensory projection neurons that are synaptically connected to the Ir68a+ sensory neurons and project from VP5 to the mushroom body calyx as well as the border between the lateral horn and posterior lateral protocerebrum [5] . A projection neuron innervating homologous regions has also been found in the cockroach Periplaneta americana [6] , suggesting a possible conserved function in hygrosensory conditioning mediated by the mushroom body. Nematodes have been observed to avoid the humidity levels under which they have been starved, although it is not clear whether this is due to aversive conditioning or to some other phenomenon such as an internal water imbalance [19] . Innate species-specific humidity preferences are plastic, given that experimentally dehydrated flies will switch their preference to a higher relative humidity [4] . It would be interesting to see whether insects alter their innate humidity preference after associating particular humidity levels with positive or negative experiences.
Finally, Frank et al. [5] also identify a novel class of projection neuron that receives input from the 'dry air' glomerulus as well as the 'hot' and 'cold' thermosensory glomeruli, and which respond to both dry air and temperature [5] (Figure 1) . In addition, they show that ambient humidity levels appear to influence temperature preference, with IR40a + neurons required for increased avoidance of high temperatures under dry conditions [5] . Although a projection neuron had previously been characterised with dendrites in both the moist-(DC2) and dry-air (DC3) glomeruli in the cockroach [6] , this is the first evidence for integration of thermosensation and hygrosensation at the relay interneuron level.
These new advances in our understanding of thermoreceptive and hygroreceptive mechanisms in Drosophila have set the stage for elucidation of the neural circuitry underlying the perception and integration of temperature, humidity, and internal water balance to produce appropriate behavioral responses. For example, the aforementioned TRP channel nanchung has been found to act as an internal osmosensor, and the four neurons in the suboesophageal zone that express nanchung are important for the restriction of water consumption [20] . Given the high specific heat capacity of water, maintaining internal water balance is critical for regulating body temperature. However, it remains to be seen whether these neurons, or additional nanchungexpressing neurons in the antennal lobe and/or higher brain centres, interact with posterior antennal lobe-associated neurons to mediate the influence of hydration state on temperature and/or humidity preference. Careful characterisation of the individual projection neurons that innervate the posterior antennal lobe glomeruli as well as of their, as yet unknown, synaptic partners will be an important first step towards this goal.
To introduce pits into a cell wall, plants depolymerize cortical microtubules, which prevents subsequent secondary cell wall thickening. A newly identified protein tethers microtubules to the plasma membrane and contains this breakdown to defined regions, thereby shaping these holes.
Lacking common multicellular ancestors, plants and animals evolved unique solutions to common challenges of larger organisms, such as the distribution of water and nutrients within their bodies through a vascular system. In plants, water is transported from the root to the shoot within specialized cells -the xylem vessels. This transport is driven largely through transpiration at the leaves [1] . For a reliable supply, water needs to enter the xylem vessels easily and be conducted efficiently from one vessel to another. Yet, considering the towering heights of some plants and the limited water in many soils, the combination of gravity and leaf transpiration can exert immense negative pressures on the conducting cells, sufficient to cause cavitation (lowpressure-induced phase transition from liquid to gaseous water) and subsequent embolism [1] .
The cell walls of xylem vessels reflect these unique demands in their construction. In its final state, a xylem vessel has undergone programmed cell death and its remaining secondary cell wall is a rigid cylinder, heavily reinforced with lignin [2] . Its apical and basal cell walls are degraded, allowing a direct connection to the next vessel in the longitudinal direction, forming an efficient conduit. Its lateral cell walls are dotted with little perforations, the pits. The inside of a xylem vessel thus forms a continuum with the apoplast, the entirety of a plant's extracellular space.
Xylem-differentiating cell cultures, which were established more than 30 years ago [3] , have been a powerful tool to study this secondary cell wall patterning. The importance of the microtubule cytoskeleton to direct secondary cell wall formation became apparent early on [4, 5] . Our current understanding is that cellulose synthase complexes travel rapidly along aligned cortical microtubules to set up thick strands of cellulose, which create the characteristic pattern of xylem vessels [6, 7] . Subsequently, these cell wall thickenings are heavily lignified post mortem, thus reflecting the pattern initially set up by cortical microtubules [8] . But how does the cellular machinery ensure massive and rapid cell wall thickening around most of the cell but prevent its deposition in defined regions? In a string of recent publications, Oda and colleagues reported that active ROP domains recruit plasma membrane anchored MIDD1, which in turn recruits Kinesin-13A [8] [9] [10] . Combined, this complex locally tethers cortical microtubules to the plasma membrane and depolymerizes them. As a result, distinct regions just underneath the plasma membrane are void of microtubules and consequently cannot guide any cellulose synthase complexes. This locally prevents secondary cell wall thickening and thus allows for pit formation [11] . Yet, to maintain a vessel's rigidity pit size and shape have to be tightly limited, too. In a new study published recently in Current Biology, Sugiyama and colleagues identify IQD13, which acts mechanistically surprisingly similar to MIDD1, yet limits pit formation [12] .
IQD13 belongs to a family of microtubule-binding proteins and is specifically upregulated during metaxylem differentiation. Indeed, pit aspect ratio (as a measure of shape) and pit size can directly be modulated
